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ABSTRACT 

W e  have inves t iga ted  t h e  observat ion,  by means of r ada r ,  

of a cube with edges of length 1 moving with a r e l a t i v i s t i c  

v e l o c i t y  (v)  r e l a t i v e  t o  t h e  observer .  The s p e c i a l  theory 

of r e l a t i v i t y  i n d i c a t e s  t h a t  t h e  cube should appear Lorentz 

cont rac ted .  If t h e  observer t akes  a p i c t u r e  using a camera, 

t h e  cube appears s t a t i o n a r y  and r o t a t e d  through an angle  

A S =  ~~S ' ' (V /C)  r e l a t i v e  t o  t h e  observer.  

t h e  cube appears Lorentz contracted i f  t h e  angular  ve loc i ty ,  

W , of t h e  radar  beam is much g r e a t e r  than v/r ,  where r 

I n  t h e  radar  p i c t u r e  

is t h e  d i s t ance  of t h e  cube from t h e  observer .  
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INTRODUCTION 

W e  s h a l l  consider  a cube w i t h  edges of length 1 (measured 

i n  a frame a t  rest with respect  t o  t h e  cube) moving with a 

v e l o c i t y  v r e l a t i v e  t o  an observer ' s  frame of re ference .  

E i n s t e i n ' s  s p e c i a l  theory  of r e l a t i v i t y  l e a d s  one t o  th ink  t h a t  

one would see t h i s  cube contracted along t h e  d i r e c t i o n  of its 

v e l o c i t y .  It has been shown 1" t h a t  a p i c t u r e  taken with a 

camera by t h e  observer would not show a con t r ac t ion .  The cube 

would appear a s  if it w e r e  s t a t i o n a r y  and r o t a t e d  through an 

angle  A8 = cos-' (v/c) r e l a t i v e  t o  t h e  observer .  The 

apparent r o t a t i o n  is due t o  l i g h t  leav ing  d i f f e r e n t  p a r t s  of 

t h e  cube a t  d i f f e r e n t  t i m e s  i n  order  t o  a r r i v e  a t  t h e  camera a t  

t h e  same i n s t a n t .  W e  s h a l l  i n v e s t i g a t e  t h e  radar  p i c t u r e  of 

t h e  r a p i d l y  moving cube and see i f  t h e  Lorentz con t r ac t ion  is 

observable.  

OBSERVER USING A CAMERA 

A cube w i t h  s i d e s  AB, BC, CD and DA is moving with a 

v e l o c i t y  v r e l a t i v e  t o  t h e  frame of re ference  of an observer .  

The s i d e s  BC and DA ( see  f i g u r e  1) would be measured by t h e  

observer  a s  ly where &' = [l - (v/cl2]  '. T h e  s i d e s  AB and 

CD would be measured a s  1. If w e  assume t h a t  t h e  l i g h t  from 

a l l  p a r t s  of t h e  cube a r r i v e  a t  t h e  o b s e r v e r ' s  camera a t  t h e  
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same i n s t a n t ,  then t h e  l i g h t  from A ,  f o r  example, mus- have l e f t  

t h e  cube before  t h e  l i g h t  from B. 

would be emitted when t h e  cube was a d i s t ance  AX = l - ( v / c ) c o b e  

t o  t h e  l e f t  of where t h e  l i g h t  is  emitted from B (assuming t h a t  

t h e  d i s t ance  t o  t h e  observer is g r e a t  compared t o  t h e  s i z e  of 

t h e  cube so t h a t  t h e  l i g h t  rays  a r e  e s s e n t i a l l y  p a r a l l e l . )  The 

effect  of t h e  d i f fe rence  i n  t h e  point of emi t t i ng  t h e  l i g h t  and 

t h e  Lorentz cont rac t ion  combine t o  give a p i c t u r e  of t h e  cube 

t o  t h e  observer which appears t o  be s t a t i o n a r y  and r o t a t e d  

The l i g h t  from t h e  point  A 

-1 through an angle A 0 = m s  (v/c) r e l a t i v e  t o  t h e  observer .  

Thus, t h e  Lorentz cont rac t ion  is  not  observed. 

OBSERVER USING RADAR 

L e t  u s  again consider  t h e  cube w i t h  s i d e s  AB, BC, CD and 

DA. W e  s h a l l  observe t h e  cube w i t h  a radar  beam r o t a t i n g  

counter-clockwise with an angular velocit,y w rad ians  per 

second. Thus, a t a r g e t  w i t h  plane polar  coord ina tes  r and 8 

w i l l  be de tec ted  when t h e  beam is d i r ec t ed  a t  an angle  8 

and t h e  d is tance ,  r, w i l l  be given by b - = k C T ,  where '7 

is t h e  t i m e  between t h e  emitted and received pulse  a s  measured 

by t h e  radar  opera tor .  I n  t h e  case of t h e  cube, t h e  t a r g e t s  

t o  be de tec ted  are t h e  fou r  edges (po in t s  i n  Figure 2 )  A ,  B,  

C I  and D .  W e  s h a l l  l a b e l  t h e  fou r  po in t s  a t  which t h e  edges 



are  detected a s  1, 2, 4 and 3 r e spec t ive ly .  If  t h e  t i m e  between 

t h e  in t e rcep t ion  of t h e  p o i n t s  A and B of t h e  cube by t h e  r ada r  

beam is At, t hen  t h e  co-ordinates of t h e  i n t e r c e p t i o n  of B 

W e  have assumed t h e  length of t h e  cube is small  compared t o  t h e  

d i s t a n c e  t o  t h e  observer.  

The condi t ion t h a t  t h e  co-ordinates of t h e  radar  i n t e r -  

cep t ion  point  of point  B be t h e  co-ordinates of B a t  t h e  i n t e r -  

cep t ion  gives t h e  r e l a t i o n  

The t i m e  At, is t h e r e f o r e  
i, 

At, = J s ' \ - - a ,  / (vcnse, + wv,) - 
The co-ordinates k-2 and 8 2  may t h e n  

be expressed a s  

and 



The co-ordinates of t h e  in t e rcep t ion  of D (poin t  3 )  

by t h e  radar  beam w i l l  be 

v, = v, -c -11% s i n e ,  - w A + , s ~ n 0 ,  

The t i m e  A% is  t h e  t i m e  between in t e rcep t ion  of 

poin t  A and point  D and &= [l - (v/c)’] ’, 
The Lorentz cont rac t ion  along’the d i r e c t i o n  of motion is used 

and t h e  t i m e  A + L i s  

Ata = - R ~ C O S  €3, / ( \ r c o s 8 ,  +wr,) 

The co-ordinates t-s and e3 become 

i n  genera l  have a parallelogram w i t h  a base 

b = A $  r r I - v c o s W ~ / ( v c o s 8 , + w r , ) ~  , 
he igh t  h = A  and angle  between t h e  s i d e s  1 -  



of p = -tun -' [ w  S i ~ e & O S @ *  + U k - ,  ) 3 . The cube w i l l  

t h e r e f o r e  be seen a s  a Lorentz contracted cube ( r ec t ang le )  i f  

W >7 (v/r) .  If t h e  radar operator  determines the v e l o c i t y  

of t h e  cube, he may correct./'the shape of t h e  ob jec t  seen by 

us ing  n o n - r e l a t i v i s t i c  formulae. H e  would then come t o  t h e  

conclusion t h a t  he is looking a t  a r ec t ang le  with he igh t  1 and 

length  . The cont rac t ion  may then  be seen even i f  u) 

is n o t  g r e a t e r  than  v/r .  The' above f o r m u l e  may be appl ied  t o  

po in t s  on a sphere and t h e  sphere would then be seen a s  con- 

t r a c t e d  along t h e  d i r e c t i o n  of motion. / 

CONCLUSION 

A cube with edges of length 1 moving with a v e l o c i t y  v 

r e l a t i v e  to an observer w i l l  appear s t a t i o n a r y ,  uncontracted ' 

and ro t a t ed  through an angle A& cos-' (v/c) with r e spec t  t o  

an observer using a camera. The cube w i l l  appear Lorentz 

cont rac ted  along t h e  d i r ec t ion  of motion and unrotated i f  

observed using radar  with the  angular velocity,cL), of t h e  r ada r  

beam much g r e a t e r  than v / r .  

undis tor ted  i f  t h e  radar  operator determines t h e  r e l a t i v e  

v e l o c i t y  of t h e  cube and co r rec t s  f o r  t h e  n o n - r e l a t i v i s t i c  

d i s t o r t i o n ,  If one c a r r i e s  out t h e  above a n a l y s i s  f o r  a 

s p h e r i c a l  ob jec t ,  t h e  sphere w i l l  a l s o  be seen cont rac ted  

along t h e  d i r e c t i o n  of motion. 

The cont rac t ion  w i l l  a l s o  appear 
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